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•• Do aggregates represent discrete populations ?Do aggregates represent discrete populations ?

•• migration among aggregates?migration among aggregates?
•• local reproduction?local reproduction?
•• local recruitment?local recruitment?

Gila Gila cyphacypha in Grand Canyonin Grand Canyon
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•• Relationships among 9 Relationships among 9 ““aggregatesaggregates””??

•• MainstemMainstem / LCR continuum ?/ LCR continuum ?

•• 3030--Mile Mile vsvs LCR?LCR?
•• LCR LCR vsvs Middle Granite GorgeMiddle Granite Gorge
•• LCR LCR vsvs Western Grand CanyonWestern Grand Canyon

Gila Gila cyphacypha in Grand Canyonin Grand Canyon
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•• Examine population structure of Examine population structure of Gila Gila cyphacypha

•• genetic genetic interrelationships among interrelationships among 
aggregates in Grand Canyonaggregates in Grand Canyon

• Is there a Is there a baselinebaseline??
•• how much differentiation to expect?how much differentiation to expect?
•• which methods to use?which methods to use?

Gila Gila cyphacypha in Grand Canyonin Grand Canyon
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•• Examine population structure among Examine population structure among Gila Gila in the in the 
Colorado River EcosystemColorado River Ecosystem

•• genetic interrelationshipsgenetic interrelationships of populations atof populations at

•• spatial scales spatial scales (= population structure)(= population structure)
•• temporal scales temporal scales (= evolutionary history)(= evolutionary history)

Study ObjectivesStudy Objectives



Approach: Molecular Genetic MethodsApproach: Molecular Genetic Methods

Tissue collection

DNADNA--ExtractionExtraction

DNA AmplificationDNA Amplification
(PCR)(PCR) ElectrophoresisElectrophoresis

1       2       3 



Molecular Genetic MethodsMolecular Genetic Methods

•• mitochondrial DNAmitochondrial DNA sequence analysis sequence analysis 
>> evolutionary history>> evolutionary history

>> long>> long--term conservation goals (term conservation goals (ESUsESUs))

•• microsatellitemicrosatellite DNADNA analysisanalysis
>> population structure>> population structure

>> management units (>> management units (MUsMUs))



MsatMsat Loci & Sample SizesLoci & Sample Sizes

•• high variabilityhigh variability
++ populationpopulation--level analyseslevel analyses
-- # alleles >> # sample sizes# alleles >> # sample sizes

•• codominantcodominant inheritanceinheritance
++ species ecology (e.g., introgression)species ecology (e.g., introgression)
-- larger sample size to encapsulate larger sample size to encapsulate 

pop. variationpop. variation



•• 9 aggregates / 234 HBC9 aggregates / 234 HBC
-- 3030--Mile SpringsMile Springs 1111
-- Little Colorado RiverLittle Colorado River 7777
-- Lava to Lava to HanceHance 88
-- ShinumoShinumo CkCk 2626
-- StephenStephen’’s Aisles Aisle 77
-- RandyRandy’’s Rocks Rock 8080
-- Kanab CkKanab Ck 44
-- Havasu CkHavasu Ck 1111
-- Western Grand Western Grand CnCn 10 10 

Sampling: Grand CanyonSampling: Grand Canyon

Table 5Table 5



•• 5 locations / 186 HBC + 208 RTC5 locations / 186 HBC + 208 RTC

HBCHBC RTCRTC

-- Yampa RYampa R 77 5656
-- Desolation Desolation CnCn 5151 1919
-- Black Rocks Black Rocks CnCn 5151 4343
-- West Water West Water CnCn 7777 5959
-- 1515--mile Reachmile Reach -- 3131

Sampling: Upper BasinSampling: Upper Basin

Table 5Table 5



SamplingSampling

Upper BasinUpper Basin
208 RTC208 RTC
186 HBC186 HBC

Grand CanyonGrand Canyon
234 HBC234 HBC

BroodstockBroodstock
15 BTC15 BTC



•• 88 HBC/RTC with HBC/RTC with BTC BTC haplotypeshaplotypes in in 

-- HBC Desolation HBC Desolation CnCn 2 2 (21)(21)

-- HBC 30HBC 30--MilesMiles 2  2  (9)(9)

-- HBC LCRHBC LCR 2 2 (46)(46)

-- HBC RandyHBC Randy’’s Rocks Rock 2 2 (44)(44)

-- RTC Desolation RTC Desolation CnCn 1 1 (22)(22)

Results: Results: mtDNAmtDNA AnalysisAnalysis

Table 2Table 2



HBC HBC –– GCGC
HBC HBC –– UBUB
RTC RTC -- UBUB

ParsimonyParsimony
haplotypehaplotype
networknetwork

mtDNA sequence data
p-distance: 1-8
Jukes-Cantor: 0.05-0.4%

Fig. 3+4Fig. 3+4



ComparisonComparison % Sequence Divergence% Sequence Divergence

HBCHBCUBUB / / HBCHBCGCGC no differenceno difference

HBC HBC // RTCRTCUBUB ~ 0.1% ~ 0.1% (negligible)(negligible)

BTC BTC / / HBCHBC+ + RTCRTCUBUB ~ 5%~ 5%

RTCRTCUBUB / / RTCRTCLBLB ~ 4%~ 4%

PtychocheilusPtychocheilus / / GGiillaa ~ 6%~ 6%

Mitochondrial DNA AnalysisMitochondrial DNA Analysis

Table 3Table 3



Results: Results: mtDNAmtDNA AnalysisAnalysis

•• many many haplotypeshaplotypes
but low divergence among but low divergence among haplotypeshaplotypes

• historic population bottleneckhistoric population bottleneck
thus low effective population size thus low effective population size NeNe

•• population expansion since bottleneckpopulation expansion since bottleneck
rere--colonization of upper basincolonization of upper basin

Table 2 + 4Table 2 + 4



mtDNAmtDNA + Colorado River Fishes+ Colorado River Fishes

•• Douglas, Brunner, Douglas (2003) Douglas, Brunner, Douglas (2003) 
Freshwater BiologyFreshwater Biology PDF availablePDF available

•• Drought in Drought in ““recentrecent”” geologic time had geologic time had 
severe impactssevere impacts on Colorado River fisheson Colorado River fishes
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•• Historic Population BottleneckHistoric Population Bottleneck

•• Low effective population size Low effective population size NeNe
•• Shorter evolutionary time scaleShorter evolutionary time scale
•• Different molecular approachesDifferent molecular approaches

Historic Demography & ManagementHistoric Demography & Management



Results: Results: MsatMsat Analysis Analysis -- DiversityDiversity

• High allelic diversityHigh allelic diversity within populations

• Moderate to high levels of heterozygosityheterozygosity

• Unique alleles Unique alleles for populations, basins, species

Table 7 + 8, Appendix 5 + 6 Table 7 + 8, Appendix 5 + 6 



Results: Results: MsatMsat Analysis Analysis -- DiversityDiversity

• Allele frequenciesAllele frequencies between populations
show differences (Bonferroni correction)

…… but 
• sample size effects!

Table 9Table 9



•• Data support recognition of six Data support recognition of six MUsMUs

(1) (1) HBCHBCGCGC : Marble/Grand : Marble/Grand CnCn
(2) (2) HBCHBCDESDES + + RTCRTCDESDES : Desolation : Desolation CnCn
(3) (3) HBCHBCUBUB : upper basin: upper basin
(4) (4) RTCRTCUBUB : upper basin (except Yampa R): upper basin (except Yampa R)
(5) (5) RTCRTCYRYR : Yampa R: Yampa R
(6) (6) BTCBTC : : BonytailBonytail

Conclusion (1)Conclusion (1)
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msatmsat –– STRUCTURE: 6 ClustersSTRUCTURE: 6 Clusters
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•• Populations: Populations: 
-- Yampa RiverYampa River
-- Desolation Desolation CnCn
-- Black Rocks Black Rocks CnCn
-- WestwaterWestwater CnCn
-- Cataract Cataract CnCn

Gila Gila cyphacypha –– Upper BasinUpper Basin

Table 9 = ns, GP1Table 9 = ns, GP1

Table 9 = sig. Table 9 = sig. 
GP2,3,6,7GP2,3,6,7

no samplesno samples



HBC in Marble/Grand HBC in Marble/Grand CnCn genetically similargenetically similar

•• aggregates connected by aggregates connected by geneflowgeneflow
pairwisepairwise tests nontests non--significantsignificant
GP5 = GP5 = genepoolgenepool identified by TFPGA identified by TFPGA 

>> downstream drift of larvae + juveniles>> downstream drift of larvae + juveniles
>> LCR likely primary source>> LCR likely primary source
>> occasional local reproduction>> occasional local reproduction

Conclusion (2)Conclusion (2)

Table 9Table 9
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HBCHBC--UBUB HBCHBC--GCGC

HBCHBC--DesoDeso RTCRTC--DesoDeso

BTCBTC

Four-Group Clustering (Program BAPBAPs)

RTCRTC--UBUB

msatmsat -- BayesianBayesian Assignment TestAssignment Test



3030--Mile population in Marble Mile population in Marble CnCn

•• admixture with admixture with BTCBTC ((mtDNAmtDNA))
•• association with association with HBCHBCUBUB

•• distinct distinct genepoolgenepool

>> occasional local reproduction>> occasional local reproduction

BUT BUT –– small sample sizesmall sample size, low pop. number, low pop. number

Conclusion (3)Conclusion (3)

Table 9 = GP4Table 9 = GP4

Table 2Table 2

Table 11, Fig 8Table 11, Fig 8

Valdez & Valdez & MasslichMasslich 19991999



BTCBTC
HBC
DES

RTCRTC
YAMYAM

msatmsat –– STRUCTURE: 6 ClustersSTRUCTURE: 6 Clusters

H
H
A
V

H
B
K
R

H
D
E
S

H
W
W
C

H
Y
A
M

H
3
0
M

H
L
C
R

H
S
H
N

H
L
A
H

H
S
A
A

H
R
A
N

H
W
G
C

H
K
A
N

R
B
K
R

R
1
5
M

R
D
E
S

R
W
W
C

R
Y
A
M

R
Y
D
T

R
L
Y
C

B
B
T
C

HBCHBC--UBUB
HBCHBC--GCGC

RTCRTC--UBUB

RTC
DES

Fig 8Fig 8



RTCRTCYRYR

msatmsat –– STRUCTURE: 6 ClustersSTRUCTURE: 6 Clusters

HBC – 30-Mile
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Upper Basin HBC / RTCUpper Basin HBC / RTC

•• RTC in Yampa River forms distinct clusterRTC in Yampa River forms distinct cluster

>> different from other Upper Basin RTC>> different from other Upper Basin RTC

BUT BUT –– small sample sizesmall sample size for HBC Yampa Rfor HBC Yampa R

Conclusion (4)Conclusion (4)

Table 11, Fig 7+8Table 11, Fig 7+8

Table 9 = GP7Table 9 = GP7
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BonytailBonytail

•• admixture with HBCadmixture with HBC

>> historic signal of introgression>> historic signal of introgression
>> stronger signal Desolation Canyon>> stronger signal Desolation Canyon

Conclusion (5)Conclusion (5)

BAPsBAPs –– Fig 5Fig 5
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MsatMsat Analysis Analysis -- AdmixtureAdmixture

• BonytailBonytail

• characteristic allele size ranges 

some BTC in HBC some BTC in HBC 
some HBC/RTC in BTCsome HBC/RTC in BTC



Conclusion (5)Conclusion (5)
Allele Frequency for G99
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•• mtDNAmtDNA reflects evolutionary historyreflects evolutionary history
–– admixtureadmixture HBC / RTCHBC / RTC

•• msatmsat also reflect morphologyalso reflect morphology
-- distinct distinct morphsmorphs
–– localitylocality effecteffect

Species Species stillstill described morphologicallydescribed morphologically

CompendiumCompendium



•• MorphometricMorphometric Characters Characters (museum specimen)(museum specimen)
•• DiscriminantDiscriminant Function AnalysisFunction Analysis

•• Adults:    95% allocated to speciesAdults:    95% allocated to species
•• Juveniles: 97% allocated to RTC or HBC/BTCJuveniles: 97% allocated to RTC or HBC/BTC

Morphology & Morphology & GilaGila

Douglas et al. 1998 TAFSDouglas et al. 1998 TAFS
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Thank You!Thank You!
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